1. Introduction {#sec1}
===============

Success in weight management is challenging. Even after successful weight loss, weight regain is very common \[[@B1], [@B2]\]. Therefore it is important to identify factors that are associated with and could enhance the self-regulation of food intake and other behaviours related to weight management.

Because obesity is always a result of an imbalance between the energy intake and energy expenditure, decreased energy intake is generally required for successful weight loss. Regulation of energy balance is very complex, however, with multiple mechanisms maintaining homeostasis and resisting changes in the energy balance \[[@B3]\]. Therefore, during negative energy balance, that is, when energy intake is lower than energy requirements, orexigenic pathways in the organism are activated \[[@B4]\], a usual consequence of which is a regain of reduced body weight. Successful long-term management of weight thus requires safe and effective means to counteract these compensatory regulatory mechanisms to reduce appetite and enhance satiety.

Various foods, even regardless of their energy content, may differ in their capacity to regulate satiety \[[@B5]\]. This can be accounted for multiple characteristics of food, such as energy density, macro- and micronutrient composition, palatability, food form, and structure \[[@B6]--[@B10]\]. Among different food characteristics, especially dietary fibre and protein have recently raised much interest as potential factors capable of increasing the satiating value of food \[[@B11], [@B12]\].

Indeed, higher protein intake has been shown to sustain or increase satiety both during the periods of energy restriction \[[@B13]\] or during the periods of isocaloric \[[@B14]\] or *ad libitum* energy intake \[[@B15]\]. Greater satiating effect of protein has been ascribed to greater meal-induced thermogenesis after protein-rich meals than after meals rich in carbohydrates or fat \[[@B16], [@B17]\]. Protein also efficiently stimulates the expression of various gastrointestinal satiety hormones, and amino acids serve as precursors for specific neurotransmitters involved in appetite or are directly involved in pathways regulating food intake.

High dietary fibre intake has also been shown to contribute to increased satiety and reduced energy intake \[[@B12], [@B18]\]. Among key mechanisms, dietary fibre increases satiety and reduces energy intake by decreasing the energy density of the diet as well as by retarding nutrient absorption, gastric emptying, and intestinal passage times in the gastrointestinal tract \[[@B18]\]. Dietary fibre enhances satiety also through increased oral stimulation due to longer chewing time.

Several studies have shown that higher intake of dietary protein and fibre can contribute to greater weight loss or better maintenance of reduced weight \[[@B11], [@B12], [@B19], [@B20]\]. Greater weight loss with high-protein or high-fibre diets has been ascribed in part to their higher satiating effects and thereby to better dietary compliance and ability to reduce spontaneous energy intake.

However, in spite of the large number of short-term studies linking various food properties to increased satiety, it is still poorly known whether the satiety value of food has an impact on the self-regulation of food intake and thereby on the regulation of body weight also at the longer term.

Different features of eating behaviour, such as restraint and disinhibition of eating, are also strong determinants of weight management \[[@B21]--[@B24]\]. Dietary restraint and disinhibition are psychological constructs that assess behavioural control and attitudes toward food and eating \[[@B25], [@B26]\]. Dietary restraint refers to a tendency to consciously restrict or control food intake, whereas dietary disinhibition is a tendency to overeat in the presence of, for example, palatable foods, emotional stress, or other disinhibiting stimuli. Dietary disinhibition has been linked to higher body weight and increased risk of weight regain \[[@B22], [@B24]\], whereas increased dietary restraint with greater weight loss or better maintenance of reduced body weight \[[@B23], [@B27], [@B28]\]. Other features of eating behaviour, such as emotional eating and greater susceptibility to sensations of hunger or external food-related cues, have also been associated with greater risk of obesity and difficulties in weight management \[[@B29]--[@B32]\].

Therefore, the aim of the present study was to investigate factors that are associated with successful weight management in middle-aged obese men and women. We were especially interested in investigating whether foods with higher predetermined satiety values, when ingested as a part of a weight-maintenance diet, contribute to better self-regulation of food intake and reduced body weight. The study consisted thus of two distinct, consecutive phases: determination of satiating values of foods in a controlled laboratory setting to select foods with lower and higher satiating values for the intervention and an intervention including weight-loss and weight-maintenance periods whereby the satiety-tested foods were used as a part of a weight-maintenance diet.

2. Subjects and Methods {#sec2}
=======================

2.1. Subjects in the Intervention Study {#sec2.1}
---------------------------------------

Originally 99 (28 males, 71 females) obese (inclusion criteria being body mass index (BMI) 30--40 kg/m^2^, age 30--65 years) subjects were recruited into the intervention study. They were recruited by an announcement in a local newspaper and among the eligible subjects who had participated previously in the studies performed at the University of Kuopio, Kuopio, Finland (currently University of Eastern Finland). The exclusion criteria of the subjects were BMI \>40 or \<30 kg/m^2^, pregnancy, type 1 or 2 diabetes, abnormal liver, thyroid or kidney function, polycystic ovary syndrome, less than 6 months since coronary event or operation, myocardial infarction, susceptibility to arrhythmia, diagnosed eating disorder, neuroleptic or oral cortisone medication, and excess alcohol consumption (women \> 16, men \> 24 portions/week). The subjects could not have any other diseases, medications, or life situations that would have potentially prevented them to successfully complete the study.

Altogether 82 subjects completed the whole intervention and form the study group of this study. Baseline characteristics of the completers are shown in [Table 1](#tab1){ref-type="table"}.

The study was performed in accordance with the standards of the Helsinki Declaration. The Ethics Committee of the District Hospital Region of Northern Savo and the Kuopio University Hospital approved the study plan, and all participants gave written informed consent for their participation.

2.2. Selection and Satiety Testing of Foods for Intervention {#sec2.2}
------------------------------------------------------------

### 2.2.1. Selection of Foods for Satiety Testing {#sec2.2.1}

Because the satiating value of food cannot be directly estimated based on the nutritional composition or other characteristics of foods \[[@B20], [@B33]\], satiety tests were performed to identify foods with different satiety values for the intervention. Satiety tests were performed in a laboratory setting to control for potential confounders known to affect satiety measurements \[[@B32], [@B33]\]. Satiety values were determined for food products from seven categories (yoghurt-type dairy products, crisp bread, soft bread, cheese, cold cuts, beverages, vegetable meal components). These food categories were selected so that the test foods would represent diversely different parts of the mixed diet. However, due to practical reasons a limited number of foods (altogether 22 foods, 2--5 foods per food category) could be included into the satiety tests. The foods were provided by Finnish food manufacturers, and they represented both commercial products as well as products at the stage of product development.

In the selection of foods for satiety testing, the following factors were considered: the difference between foods regarding the amount of dietary fibre or protein per 700 kJ portion should be as large as possible, since based on literature dietary fibre and protein play an important role in the satiating effect of foods \[[@B11], [@B20]\]. Furthermore, we chose an isocaloric portion size of 700 kJ, which was in our previous study shown to be an energy level at which different satiety effects of test foods can be distinguished \[[@B34]\]. At this energy level we tried to keep portion sizes (weight or volume) as similar as possible. However, if the sizes of tested isocaloric portions differed, the volume or weight of food with potentially greater satiety value should be greater than that with potentially lower satiety value, due to possible independent effect of volume or weight on postprandial satiety \[[@B35]\]. Also, within each food category, the foods with potentially different satiety values should otherwise be as similar as possible.

### 2.2.2. Satiety Testing {#sec2.2.2}

The satiety values of the test foods were assessed at VTT, Espoo, Finland, before the intervention study. Altogether 35 subjects (20 males, 15 females, aged 23.3 ± 2.2 (range 19--28) years) recruited mainly from the Helsinki University of Technology participated in the tests. The subjects were healthy, normal-weight (*n* = 27), or at most moderately overweight (*n* = 8, mean BMI 23.3 ± 2.3 (range 19.1--29.7) kg/m^2^) due to potentially attenuated satiety responses in obese as compared with lean individuals \[[@B32]\]. The subjects followed normal dietary and exercise patterns and did not have any dietary restrictions or abnormal eating behaviour based on individual interviews and the Three-Factor Eating Questionnaire \[[@B25]\]: cognitive restraint 7.5 ± 4.2 (mean ± SD), disinhibition of eating 5.1 ± 2.8, hunger 4.9 ± 2.5.

Subjects participated in the satiety tests in the morning, after a minimum of 8 hours overnight fast. There was at least one day between the consecutive test sessions. Before the actual satiety tests, the subjects were familiarized with the procedure and trained to use the rating scales using typical Finnish rye bread as the practice product. The satiety tests lasted for 3 hours, during which the subjects rated their satiety-related perceptions before consuming the test product and after 20, 40, 60, 90, 120, 150, and 180 min from the beginning of the consumption. At each session, subjects ate the whole portion of the test food with 2 dL of water. With crisp breads subjects consumed 50 g of slices of cucumber and 1.5 dL of water. Each subject participated in the maximum 25 testing sessions, including two practice sessions.

The satiety-related sensations were evaluated using a 10-unit scale (0 = not at all, 10 = extremely) before the consumption of the test product. Immediately after the consumption and during the following 180 min, sensations were rated as a change from the starting value with a −10--0--+10 scale (−10 = a lot less than that in the beginning, 0 = as much as that in the beginning, +10 = a lot more than that in the beginning) where 0 represents the baseline value \[[@B34]\]. A total of six satiety/hunger and thirst-related attributes were rated (hunger, thirst, desire to eat something, satiety, fullness, desire to eat the test food). The data were collected using a computerized data-collecting system (CSA, Computerized Sensory Analysis System, Compusense, Guelph, Canada, Compusense 5, version 4.6.702 SP3).

Results were analyzed as the changes in the satiety-related sensations from the baseline levels as a function of time, and the area under curve (AUC, cm × min) was calculated. The possible area under or over the baseline level was subtracted. All curves followed the same pattern with the lowest or highest ratings 20 min after eating the sample, and then scores increased or decreased, respectively, during the 3-hour follow-up time. Finally, 8 food pairs with significant difference in the overall 3 h response of the feelings of hunger or satiety were selected to be the test foods in the intervention ([Table 2](#tab2){ref-type="table"}).

2.3. Study Protocol of the Intervention {#sec2.3}
---------------------------------------

The intervention study consisted of two periods, weight loss and weight maintenance. Subjects were informed that the aim of the study was to examine the effect of various food characteristics on the management of body weight and food intake and related mechanisms. Since satiety is a highly subjective sensation, the subjects were not told about the different satiety values of the test foods to avoid any bias due to that information.

### 2.3.1. Weight-Loss Period {#sec2.3.1}

The weight-loss period was performed by using very-low-calorie-diet (VLCD) products (Nutrifast, Leiras Finland Ltd) providing 600 kcal/day. In addition, the subjects were allowed to consume *ad libitum* low-energy vegetables and noncaloric beverages. The VLCD products were given free of charge, and they were consumed for 7 weeks, followed by a 2-week transition phase during which subjects gradually finished using the VLCD products and switched back to the mixed food diet. During the weight-loss period, the subjects were given dietary counselling in group sessions, 7 times during the whole period. The group sessions, lasting for 1.5 hours, were held in the evenings. Altogether 8--10 subjects participated in each group. The same experienced nutritionist tutored all the groups. Different themes were discussed at each session ([Table 3](#tab3){ref-type="table"}).

### 2.3.2. Weight-Maintenance Period {#sec2.3.2}

After the weight-loss period, the subjects were randomized, stratified by age and sex, into two diet groups: higher-satiety food group (HSF) and lower-satiety food group (LSF) ([Table 4](#tab4){ref-type="table"}). The baseline characteristics of the subjects in the HSF and LSF groups are presented in Tables [4](#tab4){ref-type="table"}, [6](#tab6){ref-type="table"}, and [7](#tab7){ref-type="table"} (baseline). There were no significant differences at the baseline between the groups except for external eating, which was greater in the HSF than in the LSF group (*P* = 0.02), and the proportion of daily energy from carbohydrates, which was greater in the LSF than in the HSF group (*P* = 0.03). However, the total carbohydrate intake was the same in both groups.

Neither of the diets was considered a control diet. During the 24-week weight-maintenance period, subjects were instructed to maintain their weight loss but not to continue actively losing weight. The subjects in the HSF consumed the test foods with higher satiety value the subjects in the LSF consumed the test foods with lower satiety value as a part of their weight-management diet. The way of using the test foods and all dietary counselling was otherwise the same in both groups.

The test foods aimed to cover about 30% of the individually estimated daily energy requirements. The proportion of test foods was tested in the pilot study performed prior to the intervention study to find out what was the highest realistic amount of the test foods that could be consumed as a part of the diet. 19 subjects (5 men, 14 women) of same age (51.2 ± 10.0 years) and BMI (31.3 ± 4.4 kg/m^2^) as the subjects in the intervention study participated in the pilot and used the test foods for two weeks as a part of their habitual diet. At the end of this period, they were interviewed about their experiences, and the intervention protocol was further modified using this information.

The individual energy requirements were estimated by calculating the basal metabolic rate by the formula of Mifflin St-Jeor \[[@B36]\]. To take into account the likely reduction of the energy expenditure due to the recent marked weight loss \[[@B37]\], the resultant values were deducted by 5%. The results were then multiplied by factor 1.3 to take into account the energy requirements due to any physical activity. Based on the experiences from the pilot study, the resultant values were then deducted by the value 333.45 kcal to take into account the difference between the calculated energy requirements and the reported energy intakes. Thus the final equations for the calculation of the energy requirements were \[(9.99 ∗ weight (kg) + 6.25 ∗ height (cm) − 4.92 ∗ age (yrs) + 5) ∗ 0.95 ∗ 1.3\] − 335.45 kcal for men and \[(89.99 ∗ weight (kg) + 6.25 ∗ height (cm) − 4.92 ∗ age (yrs)−161) ∗ 0.95 ∗ 1.3\] − 335.45 kcal for women. The resultant individual energy levels were rounded up to the nearest 100 kcal and varied from 1200 kcal to 2300 kcal/day. The amounts of portions of different test foods used per day were calculated and advised based on these energy levels.

The subjects received the test foods free of charge from the University of Kuopio (current the University of Eastern Finland) every two weeks. The test foods were given as the blank packages so that the subjects could not identify their exact content on the basis of, for example, comparable commercial products. During every visit, the subjects\' body weight was measured, and they were given written instructions about the use of the test foods as well as the weight-management diet in general.

The written instructions included the numbers of the portions of each test food and the recommendations of the number of servings within each food group (vegetables/berries/fruit, dairy, potatoes and cereals, meat/fish/poultry, fat) to be consumed each day so that the total energy intake would cover the individually estimated daily energy requirement. The subjects were, however, informed that the diet was otherwise freely selected. In addition, to allow the possible satiety effect of test foods to function, subjects were told that they could increase or decrease the number of food servings (other than test foods) if still hungry or if sated, respectively.

[Table 5](#tab5){ref-type="table"} shows the portion sizes and typical numbers of daily portions of each test food as instructed to be consumed during the intervention. The portion sizes could be different from those used in the standard satiety tests because the foods were used as a part of a diet and were therefore targeted to represent typical portion sizes of each food. The number of the portions/day varied among different energy levels and from day to day. In addition, in order to reduce the risk of monotony and boredom due to the continued and frequent use of a quite limited number of test products, test foods within each list varied so that each two weeks list included 6 out of 8 test foods. On each week, the subjects were allowed to have one day free of the use of the test foods, if they wished. The subjects recorded the use of the test foods for the whole duration of the weight-maintenance period. These recordings were used when calculating the compliance (i.e., the use of the test foods as compared with the instructed use).

The subjects were not given any specific instructions about physical activity but were advised to keep it at their habitual level.

2.4. Measurements in the Intervention {#sec2.4}
-------------------------------------

### 2.4.1. Anthropometric Measurements {#sec2.4.1}

Body weight was measured in the morning after 12 hours fast after voiding in the normal indoor clothing using a digital scale (Vogel & Halke, Hamburg, Germany) with the weighing accuracy of 0.1 kg. The measurements were done at the separate study visits in the beginning of the weight-loss period before any weight loss had occurred, at the end of the weight-loss period (i.e., the beginning of the weight-maintenance period), and at 12 and 24 weeks after the beginning of the weight-maintenance period ([Figure 1](#fig1){ref-type="fig"}). Height was measured using a wall-mounted stadiometer to the nearest 0.1 cm in the beginning of the weight-loss period. Body mass index (BMI) was calculated (weight (kg)/height (m)^2^).

### 2.4.2. Dietary Intake {#sec2.4.2}

Subjects completed 4-day food records altogether five times during the study: before the weight-loss period and at 6, 12, 18, and 24 weeks from the beginning of the weight-maintenance period. The portion sizes were estimated using household measures. Nutrient intake was calculated with Diet32 analysis program (Aivo Finland Oy) using the Finnish Food Composition Database, Fineli (National Institute for Health and Welfare).

### 2.4.3. Eating Behaviour and Psychological Distress {#sec2.4.3}

Various features of eating behaviour were evaluated by standardized and validated self-report questionnaires. Three-Factor Eating Questionnaire (TFEQ) was used to measure cognitive restraint of eating and divided also to the flexible and rigid parts of the restraint \[[@B38]\], disinhibition of eating, and susceptibility to hunger \[[@B25]\]. The Dutch Eating Behaviour Questionnaire (DEBQ) was used to measure restraint of eating, emotional eating, and external eating \[[@B39]\]. Binge Eating Scale (BES) assessed the presence of binge eating \[[@B40]\]. The subjects filled in the questionnaires in the beginning of the weight-loss period and after 12 and 24 weeks of weight maintenance.

Psychological distress was evaluated by the General Health Questionnaire \[[@B41]\] in the beginning and at the end of the weight-loss period as well as after 12 and 24 weeks of weight maintenance.

During the weight-maintenance period, the subjects evaluated at the end of each week their overall well-being, bowel function, hunger, satiety, and easiness of control of food intake by the 9-point scale (1 = not at all/extremely bad,..., 9 = a lot/extremely good). In addition, at the end of each dietary data collection day, the subjects rated how difficult/easy they had experienced control of food intake that day by using 7-point scale (1 = very difficult,..., 7= very easy).

At the end of the study, the subjects filled in a final questionnaire to assess how they had experienced the weight-maintenance period in general (1 = very difficult,..., 10 = very easy) and what they had liked about the test foods (1 = did not like at all,..., 9 = liked very much).

2.5. Statistical Analyses {#sec2.5}
-------------------------

The statistical analyses were performed with SPSS for Windows software (SPSS for windows, version 14.0, USA). The results are expressed as mean and standard deviation (SD) with a value *P* \< 0.05 as a criterion for the statistical significance, unless not otherwise specified.

In the satiety tests, paired samples *t*-test was used to evaluate the differences between the food pairs within each food category.

In the intervention study, independent samples *t*-test (Student\'s *t*-test) and Chi-square test were used to compare the baseline values between the study groups. Linear mixed-effect modelling was used to compare the effect of the study group on the changes in the examined variables. The associations between the variables in the whole study population were analyzed by Spearman\'s correlation test and by partial correlation adjusted by the study group.

3. Results {#sec3}
==========

3.1. Adherence and Compliance {#sec3.1}
-----------------------------

Altogether 82 out of 99 subjects completed the intervention. There were 17 subjects who dropped out, three subjects (2 men, 1 woman) during the weight-loss period and 14 subjects (6 men, 9 women) during the weight-maintenance period. There were no differences in the dropouts during the weight-maintenance period between the HSF (8 (3 men, 5 women)) and the LSF groups (6 (2 men, 4 women)).

The use of test foods, as an indicator of compliance, was equal in both groups (% of the instructed use, calculated from the individual recordings during the weight-maintenance period: 100.8 ± 9.0% versus 99.1 ± 9.1%, HSF versus LSF), as well as the proportion of energy ingested from the test foods (mean during the weight-maintenance period: 30.7 ± 6.1% versus 29.0 ± 5.0%, HSF versus LSF). The subjects in the HSF group generally liked the test foods they used more than in the subjects in the LSF group (7.1 ± 1.0 versus 6.4 ± 1.0, *P* = 0.003).

3.2. Main Effects {#sec3.2}
-----------------

### 3.2.1. Body Weight {#sec3.2.1}

Weight changes were comparable between the HSF and the LSF groups ([Figure 1](#fig1){ref-type="fig"}). The weight reduced by about 12 kg during the weight-loss period in both groups (HSF −12.5 ± 2.4%, LSF −12.4 ± 2.6% of the body weight at the baseline). During the weight-maintenance period, there was only a very slight regain in the mean body weight with no significant difference between the groups (HSF 1.3 ± 3.5%, LSF 0.9 ± 3.5%). The interindividual variation in the success to maintain the reduced body weight during the weight-maintenance period was large, with weight changes varying from 8.8% further weight reduction to 9.8% weight regain.

### 3.2.2. Dietary Factors {#sec3.2.2}

The overall energy intake was similar in both groups with no significant differences in overall energy intake during the intervention ([Table 6](#tab6){ref-type="table"}). Only at the end of the study, the energy intake changed differently in the HSF and LSF groups, with continuing gradual increase in the energy intake in the HSF group and a small decrease in the LSF group (*P* = 0.02). Instead, the macronutrient composition of the diet changed differently in the HSF and the LSF groups. The intakes of dietary protein and fibre increased at the beginning of the weight-maintenance period in the HSF group whereas they remained about the same in the LSF group (*P* \< 0.001 for all). The intakes of dietary fiber and protein were thus higher in the HSF than those in the LSF group for the whole duration of the weight-maintenance period (*P* \< 0.001 for all). The intake of dietary fat decreased from the beginning of the study to the weight-maintenance period in both groups, the decrease being greater and thus overall fat intake lower in the HSF than in the LSF group during the weight-maintenance period (*P* \< 0.001). The total carbohydrate intake decreased from the beginning of the study to the weight maintenance in both groups. The reduction was greater in the HSF group than that in the LSF group (*P* = 0.04). As the percentage of energy, carbohydrate intake remained about the same during the whole study being greater in the LSF group (*P* \< 0.001). The alcohol intake decreased from the beginning of the study in both groups, being, as the percentage of energy, somewhat greater in the HSF group than that in the LSF group (*P* = 0.04).

The observed differences in dietary protein, fibre, fat, and carbohydrate intakes during the weight-maintenance period were due to the different macronutrient contents of the test foods ([Table 5](#tab5){ref-type="table"}). The composition and energy intake of the freely selected part of the diet was the same in both groups (data not shown).

### 3.2.3. Psychobehavioural Factors {#sec3.2.3}

The subjects in the HSF and the LSF groups experienced the study very similarly based on their responses in the final questionnaire at the end of the study (estimated easiness of the weight maintenance period: HSF 7.1 ± 1.8, LSF 7.1 ± 1.9). Neither did they report any differences in the easiness of the control of food intake or other conditions that were evaluated along the study (overall wellbeing, bowel function, hunger, satiety).

Cognitive restraint of eating, both flexible and rigid, increased in both the HSF and the LSF groups after the weight-loss period, as measured by the TFEQ and the DEBQ questionnaires ([Table 7](#tab7){ref-type="table"}). At the same time, disinhibition of eating, susceptibility to hunger, and binge eating as well as emotional and external eating decreased in both groups. There were no significant differences in the changes between the groups, except in the external eating which decreased more in the HSF group than those in the LSF group (*P* = 0.007) most likely due to higher scores in the HSF at the beginning of the study. Neither were there any significant differences between the groups in the changes in the psychological distress, as assessed by GHQ, which alleviated in both groups after the weight loss then gradually returning towards the baseline level.

### 3.2.4. Predictors of Weight Maintenance {#sec3.2.4}

Due to great interindividual variation in the success to maintain reduced body weight, irrespective of the study group, the predictors of weight maintenance were analysed in the whole study population. The changes in the eating behaviour during the study were significantly associated with the weight maintenance ([Table 8](#tab8){ref-type="table"}). The success in weight maintenance was associated with the greater increase in the cognitive restraint of eating, especially in the flexible control of eating as well as the greater decrease in the disinhibition of eating, susceptibility to hunger, binge eating behaviour, external eating, and psychological distress. Most of these changes, that is, increase in the flexible control of eating and the decrease in susceptibility to hunger, binge eating behaviour, external eating, and psychological distress, were associated with better weight maintenance also after adjusting for group membership during the weight-maintenance period ([Table 8](#tab8){ref-type="table"}).

The self-reported easiness of the weight-maintenance period resulted to be a single factor which was most strongly associated with the successful maintenance of reduced body weight during the weight-maintenance period (*r* = −0.47, *P* \< 0.001, *n* = 82). The association was significant, even slightly stronger, also after making adjustment for study group (partial correlation *r* = −0.52, *P* \< 0.001). Those subjects who experienced the weight-maintenance period the easiest also managed better than those experiencing it more difficult. Similarly, the self-reported easiness of the control of food intake, as assessed at the different phases of the weight-maintenance period, correlated significantly with the weight maintenance (mean of weekly assessments, *r* = −0.39, *P* \< 0.001, *n* = 82), also after adjusting for group membership (partial correlation *r* = −0.39, *P* \< 0.001). The easier the subjective control of food intake, the more successful the weight maintenance.

Among the dietary determinants of successful weight maintenance, the compliance (i.e., the use of the test foods) correlated with the final outcome; the higher the compliance, the better the reduced body weight maintained during the weight-maintenance period (*r* = −0.27, *P* = 0.02, *n* = 82). This association was seen also after adjusting for the study group (partial correlation *r* = −0.23, *P* = 0.05). Lower energy intake according to the food diaries during the weight-maintenance period was also associated with the better maintenance of reduced body weight (*r* = 0.24, *P* = 0.03, *n* = 82) also when adjusted by group membership (partial correlation *r* = 0.22, *P* = 0.047).

4. Discussion {#sec4}
=============

This study investigated dietary and psychobehavioural factors associated with the success in weight maintenance. More specifically, we were interested in whether foods with predetermined satiety values consumed in free-living conditions as a part of a weight-maintenance diet would affect self-regulation of food intake and thereby weight management. To our knowledge, no previous studies have been published on the issue. In contrast to expectation, the diet containing foods with higher predetermined satiety value did not contribute to better weight management. This was even despite the obvious differences in the macronutrient contents of the diets, especially the differences in the amounts of dietary protein and fibre, which by themselves could also have been expected to influence satiety or weight management \[[@B11], [@B12]\].

Nevertheless, the present results were interestingly in line with the findings of a recent large intervention comparing the effects of weight-loss diets differing in the proportions of dietary fat, protein, or carbohydrate \[[@B42]\]. In that study, no diet was superior in reducing body weight. There were also no significant differences in satiety, hunger, or diet satisfaction among the diets. Instead, the strongest determinant of successful weight loss was an attendance at the group sessions, suggesting that behavioural factors rather than the composition of the diet are more important for the success of weight loss. Also in the present study the successful maintenance of reduced weight was not primarily associated with the diet-related factor, but rather with the psychobehavioural variables related especially to eating behaviour. Also participants\' subjective experiences about the easiness of the intervention and control of food intake were associated with better weight maintenance. The only diet-related factors that were significantly associated with the weight management were lower energy intake and better compliance of the use of the test products, which, on the other hand, could be seen also as behavioural factors similarly as the attendance at group sessions in the Sacks et al.\'s \[[@B42]\] study. Thus, as Sacks et al. \[[@B42]\] also pointed out, behavioural and psychological factors rather than macronutrient metabolism seem to have the main influence on the success of longer-term weight management.

Changes in various features of eating behaviour were associated with the better success in weight management. All the observed changes, that is, increase in the cognitive restraint of eating and decrease in binge eating, external eating, disinhibition of eating, and susceptibility to hunger, were into the direction that could be suggested to represent better self-control of eating. These changes were also well in line with several previous findings, thus further confirming the important role of eating behaviour in the successful weight management \[[@B27], [@B28], [@B30], [@B31], [@B43]\]. When distinguishing cognitive restraint of eating into flexible and rigid forms of restraint behaviour \[[@B38]\], it was specifically the flexible restraint that was associated with the better maintenance of reduced weight. This is in accordance with the earlier findings \[[@B22], [@B27], [@B31], [@B38], [@B44]\] and also with the concept of flexible restraint. By definition, flexible restraint of eating is a form of eating behaviour characterized by a more graduated approach to eating, dieting, and weight in contrast to rigid control which is characterized by a dichotomous, all-or-nothing approach to eating, dieting, and weight \[[@B38]\]. A form of restrained eating in which flexible approach is adopted seems thus to be beneficial to effective weight control \[[@B31], [@B45]\]. The beneficial effect of flexible control of eating on weight management has been documented earlier both in cross-sectional and in prospective analysis. In cross-sectional settings, flexible restraint has been shown to predict lower fatness and BMI \[[@B22], [@B46]\]. In prospective studies, successful weight change has been more strongly associated with flexible than with rigid form of cognitive restraint of eating \[[@B31], [@B38], [@B46], [@B47]\]. Thus, as Teixeira et al. \[[@B31]\] concluded, sustained weight loss seems to require that subjects adopt a flexible eating self-regulation pattern that allows them to modify their eating behaviour and quite likely also their physical activity by appropriate ways in this complex food environment. Successful restraint of eating can also be linked with higher self-control capacity in general \[[@B45]\]. Therefore attempts to enhance self-regulation could be of value to those attempting to control body weight and food intake.

Also recent brain imaging studies have confirmed links between body weight, restraint, and self-regulation. Individuals with high dietary restraint showed increased neural activity in the cortical and subcortical control and reward areas, especially at the dorsal prefrontal cortex and dorsal striatum, in response to meal ingestion \[[@B48]\] or pictures of palatable foods \[[@B49]\]. This suggests that the cognitive control of food intake is achieved by modulating neural circuits controlling inappropriate behavioural responses and food reward \[[@B48], [@B49]\]. This may also be the way to counterbalance the physiological compensatory changes, like reductions in energy expenditure and circulating mediators of appetite, which do promote weight regain after weight loss \[[@B4]\].

As a concept, self-control is close to the concept of self-efficacy which refers to an individual\'s belief that she or he can successfully execute a sequence of actions in a specified context \[[@B50]\]. Self-efficacy has been shown to be an important predictor of successful weight management \[[@B31], [@B51], [@B52]\]. Self-efficacy was, unfortunately, not measured in the present study. However, interestingly, the experience of greater easiness of weight maintenance as well as easiness of control of food intake was associated with the more successful maintenance of reduced body weight. This suggests that those experiencing intervention easier might also have felt themselves more competent and efficient in managing their attempts to maintain reduced body weight. As further support for this, greater improvement in psychological distress was also associated with better weight management. However, it should be noticed that the ratings of easiness of weight management or control of food intake are highly subjective measures and strongly susceptible to reverse causality or confounding. They could thus also be simply consequences of changes in other psychobehavioural variables or influenced by the body weight change itself. Nevertheless, tools and approaches which could enhance subjective experience of self-control and thereby likely also the experienced easiness of weight management should thus be taken into account to increase the long-term success of weight management. In current behavioural interventions, still fairly little attention has been devoted to, for example, psychological resources needed for the long-term management of body weight or other health-related lifestyle habits \[[@B53]\].

In the present study, except for the lower energy intake and better compliance of the use of the test foods, other dietary factors were not associated with better weight management. This was despite the fact that the differences in the protein and fibre contents of the study diets were comparable with those reported in previous studies yet demonstrating better weight management on the diets with higher protein \[[@B14], [@B54]--[@B56]\] or fibre content \[[@B12], [@B18]\]. Indeed, in a recent Diogenes study even smaller difference (4.5--6.5% versus 7.5%, Diogenes versus present study) in the dietary protein intake between the study groups was followed by significant, although relatively small (0.9 kg), difference in body weight regain after a successful weight loss \[[@B56]\]. No differences were, however, detected in satiety even in that study. The authors ascribed this to be due to too subtle satiety effects of the diets to be subjectively measured.

On the other hand, the positive association between protein intake and satiety has been suggested to be evident only when protein intake is greater than protein requirements \[[@B16], [@B57]\]. Thus the degree of satiation may be influenced by the absolute amount of protein. Indeed, Lejeune et al. \[[@B57]\] reported that the greater satiating effect of dietary protein was seen only when protein intake was as much as 2.6 g/kg. This is much more than what was the protein intake (1.3 g/kg) in the HSF group in the present study. It could therefore be argued that the protein intake was not enough to contribute to possible significant effect on long-term satiety. However, much higher protein intake would have been impractical to achieve and would not have represented a normal balanced diet.

Howarth et al. \[[@B18]\] estimated that about 14 g increase in daily dietary fibre intake in *ad libitum* conditions was associated with about 10% decrease in dietary energy intake and consequent decrease in body weight. In the present study the HSF group increased their daily dietary fibre intake approximately by 10 g. It could therefore be argued that the dietary fibre content of the study diet was still not enough to contribute to more successful weight management, although already smaller amounts of dietary fibre have been demonstrated to be effective \[[@B12]\].

When interpreting the results, it should be noticed that the weight-maintenance diet was not totally *ad libitum* since the participants were given instructions about the recommended number of portions to be consumed within each food group. This could naturally have diminished the possible influence of dietary fibre and protein and their potential satiety effect on the self-regulation of food intake and thereby on the maintenance of reduced body weight. In line, most studies reporting greater weight loss after high-protein than low-protein diet have been those allowing *ad libitum* food intake, whereas only few of the studies that have provided isocaloric high- versus low-protein diets have shown significant weight loss results \[[@B14], [@B19], [@B32]\]. We cannot rule out that if the proportion of foods with different satiety values would have been greater than 30% of energy intake, a possible satiety effect could have been seen. This was, however, the highest amount of test foods that could be realistically included into the diet without an excessive risk of dietary noncompliance due to the continuous use of only limited number of test foods. On the other hand, the proportion of test foods should not be too high to limit freedom in the remaining diet to show potential differences in energy intake. Finally, all the other dietary counselling given to the subjects during the study, especially in the group sessions before the weight-maintenance period, might also have diminished the possible differences between the groups.

Another central methodological issue is that, to our knowledge, this was the first time to examine whether foods with predetermined satiety values could contribute to weight management. Thus, at the same time, the study examined the predictive value of a single satiety measurement of food on satiety during continued use in a free-living context. As the results suggest, the different predetermined satiety values of the test foods did not influence weight management in a free-living situation. No differences were seen either in energy intake or in the weekly ratings of hunger or satiety. Even the experienced easiness of weight management was virtually identical between the study groups. This confirms how much more difficult it is to get reliable data about satiety outside a controlled laboratory setting. It also raises issues as to how far laboratory data can really be extrapolated to free-living conditions \[[@B32]\]. Yet controlled laboratory testing is a general and recommended practice when assessing the satiety values of foods \[[@B33]\].

Naturally, the laboratory testing conditions are also of importance. In the present study, the satiety values of the test foods were determined in a separate group representing mostly relatively young, normal-weight subjects. The demographic characteristics of the subjects in the satiety tests and in the intervention were thus quite different. Normal-weight and overweight subjects were, however, selected for satiety testing instead of obese individuals due to potentially attenuated satiety responses in obese as compared with lean individuals \[[@B32]\], to be able to demonstrate actual differences in satiety values between the test products. Furthermore, in the satiety tests, the foods were tested as isocaloric portions, and, during the intervention, the recommended portion sizes were adjusted to represent typical portion sizes of each food relative to everyday food consumption. The test foods also varied in some other dimensions, such as macronutrient content and palatability. All this could have affected the behaviours observed over the weight-maintenance period and perhaps obscured the potential effect of satiety value of foods. Nevertheless, although satiety value of foods should ideally be tested in subjects and conditions representing the target situation as close as possible, controlling all the prevailing conditions comparable to free-living conditions may be unrealistic. Furthermore, most of the foods are rarely eaten as such but usually as a part of a mixed meal or a snack. Thus, the satiety values do vary also according to other prevailing, mostly uncontrollable circumstance-related factors.

It could be argued that factors that predict subsequent weight maintenance are not necessarily the same if weight loss is initially achieved rapidly with a VLCD compared with methods inducing more gradual weight loss. A recent study comparing factors associated with successful weight maintenance in relation to initial method of weight loss (i.e., VLCD versus commercial program or self-guided approach) did not, however, observe any differences across the methods on the changes in eating behaviour or dietary intake \[[@B58]\], which further supports the relevance of the present findings on the success of weight management.

5. Conclusions {#sec5}
==============

Foods with higher predetermined satiety value, when ingested as a part of a controlled weight-maintenance diet, did not contribute to better weight maintenance. Instead, success in weight maintenance was associated with a greater increase in flexible control of eating and greater decrease in uncontrollable eating and psychological distress. Thus, means to support changes in these psychobehavioural factors are of essential importance in successful long-term weight management.
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###### 

Baseline characteristics of the subjects completing the study.

                              Mean ± SD     Range (min--max)
  --------------------------- ------------- ------------------
  *n* (males/females)         82 (21/61)    
  Age (years)                 49.5 ± 9.3    31--63
  Height (cm)                 166.7 ± 8.6   150.0--192.0
  Body weight (kg)            95.2 ± 11.9   71.1--122.8
  Body mass index (kg/m^2^)   34.2 ± 2.5    29.7--40.0

###### 

Foods selected to the intervention and their tested portion sizes, macronutrient and dietary fibre contents and 3 h satiety/hunger responses (3 h AUC; mean ± standard error). Energy content of all tested food portions was 700 kJ.

                     Dairy, yoghurt type        Bread                         Cheese                       Cold cuts                   Vegetable meal component                                                         
  ------------------ -------------------------- ----------------------------- ---------------------------- --------------------------- ------------------------------- ----------------------------- ------------------ --------------------------
  Portion size, g    280                        280                           52                           82                          70                              88                            140                104
  Protein, g         30.6                       30.6                          5.6                          5.9                         5.6                             29.90                         31.6               9.2
  Fat, g             0.6                        0.6                           1.2                          1.1                         1.4                             4.4                           4.5                10.7
  Carbohydrates, g   11.2                       11.2                          31.0                         31.1                        32.7                            1.3                           2.3                8.7
  Dietary fibre, g   5.6                        5.6                           8.9                          9.0                         10.5                            0                             0.4                6.9
  Satiety, 3 h AUC   464 ± 65                   ---^a^                        237 ± 60                     289 ± 56                    224 ± 62                        103 ± 60                      400 ± 72           231 ± 53
  Hunger, 3 h AUC    −503 ± 67                  ---^a^                        −313 ± 67                    −275 ± 54                   −278 ± 75                       −148 ± 61                     −463 ± 86          −259 ± 59
                                                                                                                                                                                                                        
                                                                                                                                                                                                                        
  LSF                Vanilla flavour *n* = 35   Strawberry flavour *n* = 32   Wheat crisp bread *n* = 35   Soft wheat bread *n* = 35   Thin rye crisp bread *n* = 35   Soft sliced cheese *n* = 30   Sausage *n* = 35   Vegetable patty *n* = 35
                                                                                                                                                                                                                        
  Portion size, g    230                        200                           44                           61                          52                              58                            108                93
  Protein, g         8.3                        7.1                           4.6                          5.4                         5.8                             11.6                          9.7                4.3
  Fat, g             4.6                        4                             3.5                          2.9                         5.8                             12.8                          9.7                11.5
  Carbohydrates, g   23                         26                            31                           28.8                        33                              0.9                           8.9                10.1
  Dietary fibre, g   0                          0                             2.8                          2.0                         9.9                             0                             0.3                3.1
  Satiety, 3 h AUC   111 ± 47                   179 ± 59                      154 ± 50                     114 ± 49                    122 ± 51                        −2 ± 62                       146 ± 54           93 ± 62
  Hunger, 3 h AUC    −173 ± 48                  −148 ± 65                     −186 ± 55                    −130 ± 59                   −161 ± 55                       −1 ± 72                       −171 ± 63          −124 ± 65

HSF: higher-satiety food group; LSF: lower-satiety food group; AUC: area under the curve: positive values represent area above the baseline level, negative values represent area under the baseline level; ^a^a flavour variant for pear-flavoured yoghurt, not tested in the satiety tests.

###### 

The themes discussed in the group sessions during the weight-loss period.

  Group session                                                Theme
  ------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  \(1\) Session                                                Principles of the very-low-calorie diet (VLCD, 600 kcal); tasting and choice of the most pleasing options of available VLCD products for the weight-loss period
  \(2\) Session (start of VLCD)                                Energy requirement and energy consumption, physical exercise, vegetables in the diet; VLCD products delivered to the subjects
  \(3\) Session (1 week at VLCD)                               Control of food intake, meal rhythm, snacks, and beverages
  \(4\) Session (3 weeks at VLCD)                              Thoughts and attitudes as barriers for weight management
  \(5\) Session (5 weeks at VLCD)                              Good and bad dietary fats, package labelling
  \(6\) Session (7 weeks at VLCD; start of transition phase)   Transition phase diet (800 kcal), control of food intake
  \(7\) Session (start of weight-maintenance period)           Principles of the weight-maintenance diet and the use of test foods

###### 

Subjects in the higher-satiety food (HSF) and lower-satiety food (LSF) groups. Mean ± SD.

                                                  HSF           LSF           *P* ^a^
  ----------------------------------------------- ------------- ------------- ---------
  *n* (males/females)                             42 (12/30)    40 (9/31)     0.53^b^
  Age (years)                                     49.6 ± 9.5    49.1 ± 9.1    0.83
  Height (cm)                                     167.6 ± 8.0   165.8 ± 9.3   0.35
  Body weight (kg), before weight loss            95.7 ± 10.8   94.6 ± 13.1   0.67
  Body weight (kg), after weight loss             83.7 ± 8.9    82.6 ± 10.2   0.63
  Body mass index (kg/m^2^), before weight loss   34.0 ± 2.3    34.3 ± 2.7    0.60
  Body mass index (kg/m^2^), after weight loss    29.8 ± 2.1    30.0 ± 2.3    0.63

^a^Student\'s *t*-test; ^b^Chi-square.

###### 

Instructed portion sizes, possible numbers of daily portions, and their energy and macronutrient contents per portion during the intervention.

                                  Portion size, g   Number of portions/day^a^   Energy, kcal   Protein, g   Fat, g   Carbohydrates, g   Dietary fibre, g
  ------------------------------- ----------------- --------------------------- -------------- ------------ -------- ------------------ ------------------
                                                                                HSF                                                     
                                                                                                                                        
  Yoghurt (pear flavour)          150               1-2                         90             16.5         0.3      6.0                3
  Yoghurt (lingonberry flavour)   150               1-2                         90             16.5         0.3      6.0                3
  Rye crisp bread                 12.9              1--3                        41             1.4          0.3      7.7                2.2
  Soft rye bread (1)              43                1--3                        86             3.1          0.6      16.3               4.7
  Soft rye bread (2)              30                1--3                        75             2.4          0.6      14.0               4.5
  Hard cheese                     125               0.25--0.75                  238            42.5         6.3      1.9                0
  Smoked ham                      6.2               4--10                       7.5            1.4          0.2      0.1                0.2
  Vegetable patty (fibre-rich)    60                1-2                         96             5.3          6.2      5.0                4.0
                                                                                                                                        
                                                                                LSF                                                     
                                                                                                                                        
  Yoghurt (vanilla flavour)       130               1-2                         91             4.7          2.6      13.0               0
  Yoghurt (strawberry flavour)    110               1-2                         91             3.9          2.2      14.3               0
  Wheat crisp bread               12.5              1-2                         50             1.3          1.0      8.8                0.8
  Soft white wheat toast bread    25                1--4                        70             2.2          1.2      11.8               0.8
  Thin rye crisp bread            6.3               2--10                       20             0.7          0.7      4.0                1.2
  Soft sliced cheese              19                1--3                        55             3.8          4.2      0.3                0
  Sausage cold cut                13.4              1--5                        20             1.2          1.2      1.1                0.4
  Vegetable patty                 60                1-2                         10.5           2.8          7.4      6.5                2.0

HSF: higher-satiety food group, LSF: lower-satiety food group; ^a^range, the number of the portions varied from day to day and among different energy levels.

###### 

Energy and macronutrient intake (mean ± standard deviation) in the HSF and LSF groups before the beginning of the study (baseline) and during the weight-maintenance period (WM, the weeks refer to the time since the beginning of the weight-maintenance period).

                               HSF *n* = 42^a^   LSF *n* = 40^a^                                                                                                                     
  ---------------------------- ----------------- ----------------- ------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------ --------- ---------
  Energy (goal), kcal          ---               1581 ± 233        1581 ± 233   1581 ± 233   1581 ± 233   ---          1555 ± 259   1555 ± 259   1555 ± 259   1555 ± 259   ---       ---
  Energy (realization), kcal   2053 ± 526        1553 ± 348        1692 ± 404   1761 ± 439   1863 ± 573   1945 ± 558   1666 ± 407   1755 ± 386   1811 ± 490   1718 ± 405   0.96      0.02
  Protein, g                   86 ± 21           100 ± 18          105 ± 17     110 ± 23     110 ± 25     79 ± 21      77 ± 21      77 ± 20      81 ± 24      78 ± 20      \<0.001   \<0.001
  Protein, E%                  17 ± 3            26 ± 3            26 ± 4       25 ± 3       25 ± 5       17 ± 2       18 ± 2       18 ± 2       18 ± 3       18 ± 2       \<0.001   \<0.001
  Fat, g                       71 ± 26           46 ± 17           51 ± 18      57 ± 21      58 ± 25      69 ± 30      58 ± 17      62 ± 15      66 ± 20      64 ± 17      0.049     0.01
  Fat, E%                      31 ± 7            26 ± 5            26 ± 5       29 ± 5       28 ± 6       31 ± 6       31 ± 4       32 ± 3       33 ± 5       34 ± 5       \<0.001   \<0.001
  Carbohydrates, g             223 ± 62          169 ± 39          188 ± 56     188 ± 52     194 ± 60     226 ± 62     198 ± 46     208 ± 48     211 ± 58     196 ± 48     0.09      0.04
  Carbohydrates, E%            44 ± 7^d^         44 ± 5            44 ± 6       43 ± 6       42 ± 6       47 ± 7^d^    48 ± 4       47 ± 4       47 ± 5       46 ± 4       \<0.001   0.98
  Dietary fibre, g             23 ± 7            32 ± 8            34 ± 10      33 ± 9       32 ± 9       23 ± 10      24 ± 7       23 ± 7       23 ± 9       22 ± 7       \<0.001   \<0.001
  Alcohol, g                   21 ± 39           6 ± 11            6 ± 11       5 ± 9        14 ± 41      11 ± 15      3 ± 5        4 ± 9        4 ± 9        3 ± 6        0.08      0.15
  Alcohol, E%                  7 ± 10            3 ± 5             3 ± 5        2 ± 3        4 ± 10       3 ± 5        1 ± 2        2 ± 3        1 ± 2        1 ± 2        0.04      0.27

HSF: higher-satiety food group, LSF: lower-satiety food group; ^a^HSF: 12 wks *n* = 41, 18 wks *n* = 40, LSF: 6 wks *n* = 39, 12 wks *n* = 37, 18 wks *n* = 37, 24 wks *n* = 36; ^b^the difference between the groups,^c^the group versus time interaction, linear mixed-effect modelling; ^d^at the baseline, the difference between the groups *P* = 0.03, Student\'s *t*-test.

###### 

Scores of eating behaviour questionnaires (mean ± standard deviation) in the HSF and LSF groups before the beginning of the study (baseline) and during the weight-maintenance period (WM, the weeks refer to the time since the beginning of the weight-maintenance period).

                                   HSF (*n* = 42)   LSF (*n* = 40)                                                                                                 
  -------------------------------- ---------------- ---------------- ---------------- ------------- --------------- ----------- -------------- ------------ ------ -------
  GHQ                                                                                                                                                              
   Psychological distress          11.2 ± 4.7       7.4 ± 3.7        9.4 ± 4.1^c^     9.9 ± 4.2     10.9 ± 4.6^c^   6.5 ± 2.5   8.5 ± 3.0^c^   9.1 ± 4.6    0.24   0.90
  TFEQ                                                                                                                                                             
   Cognitive restraint of eating   9.7 ± 3.7        ---              15.3 ± 3.4       15.5 ± 3.6    8.5 ± 3.2       ---         14.9 ± 2.7     15.4 ± 3.0   0.30   0.38
   Flexible restraint of eating    3.1 ± 1.4        ---              5.1 ± 1.6        5.4 ± 1.6     2.6 ± 1.4       ---         5.4 ± 1.1      5.2 ± 1.4    0.60   0.15
   Rigid restraint of eating       3.2 ± 1.5        ---              4.6 ± 1.6        4.7 ± 1.5     2.9 ± 1.2       ---         4.4 ± 1.2      4.7 ± 1.3    0.45   0.56
   Disinhibition of eating         9.2 ± 3.2        ---              6.3 ± 3.5        6.3 ± 3.4     8.3 ± 3.1       ---         5.4 ± 3.0      5.7 ± 2.9    0.19   0.78
   Susceptibility to hunger        5.9 ± 2.9        ---              2.8 ± 2.0        3.1 ± 2.6     5.8 ± 2.9       ---         3.2 ± 2.5      3.0 ± 1.9    0.87   0.67
  DEBQ                                                                                                                                                             
   Restraint of eating             28.4 ± 5.3       ---              32.4±6.4^c^      34.5 ± 5.3    27.6 ± 6.3      ---         32.3 ± 5.4     34.0 ± 3.9   0.57   0.89
   Emotional eating                32.6 ± 12.1      ---              30.2 ± 12.0^c^   28.2 ± 11.6   31.0 ± 10.0     ---         26.8 ± 8.4     26.4 ± 9.0   0.31   0.45
   External eating                 32.1±5.0^d^      ---              27.2 ± 6.5^c^    27.0 ± 6.0    29.4 ± 4.6^d^   ---         28.1 ± 4.9     27.0 ± 4.7   0.55   0.007
  BES                                                                                                                                                              
   Binge eating                    13.4 ± 6.5       ---              8.1 ± 5.4^c^     7.7 ± 5.6     13.2 ± 6.1      ---         7.1 ± 5.4^c^   6.5 ± 5.1    0.48   0.59

HSF: higher-satiety food group, LSF: lower-satiety food group, GHQ: General Health Questionnaire, TFEQ: Three-Factor Eating Questionnaire, DEBQ: the Dutch Eating Behaviour Questionnaire, BES: Binge Eating Scale; ^a^the difference between the groups,   ^b^the group versus time interaction, linear mixed-effect modelling; ^c^HSF *n* = 41, LSF *n* = 39;^  d^at the baseline, the difference between the groups *P* = 0.02, Student\'s *t*-test.

###### 

Spearman and partial correlation coefficients between the changes in eating behaviour and psychological distress from the beginning of the study to the end of the weight-maintenance period and changes (%) in body weight during the weight-maintenance period (*n* = 82).

  Change in                              *r* ^a^   *P*     *r* ^b^   *P*
  -------------------------------------- --------- ------- --------- -------
  Three-Factor Eating Questionnaire                                  
   (i) Cognitive restraint of eating     −0.23     0.04    −0.21     0.07
   (ii) Flexible restraint of eating     −0.33     0.002   −0.31     0.006
   (iii) Rigid restraint of eating       −0.003    0.98    −0.01     0.90
   (iv) Disinhibition of eating          0.22      0.048   0.18      0.12
   (v) Susceptibility to hunger          0.28      0.01    0.31      0.005
  Dutch Eating Behaviour Questionnaire                               
   (i) Restraint of eating               −0.06     0.63    −0.06     0.59
   (ii) Emotional eating                 0.11      0.35    0.05      0.66
   (iii) External eating                 0.25      0.02    0.25      0.02
  Binge Eating Scale                                                 
   (i) Binge eating                      0.26      0.02    0.24      0.03
  General Health Questionnaire                                       
   (i) Psychological distress            0.24      0.03    0.23      0.04

^a^Spearman\'s correlation; ^b^partial correlation, adjusted by study group.
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